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Ketamine is N-methyl-D-aspartate (NMDA) receptors blocking drug, it affects the cerebral cortex and play an
essential role in learning and memory. Amyloid β (Aβ) is a cleavage product of a large, trans-membrane
protein, termed amyloid precursor protein (APP); it may have a role in controlling synaptic activity.
To investigate the immunohistochemical beta APP reaction in newborn mice frontal and parietal cerebral
cortices after prenatal exposure to therapeutic doses of ketamine as an attempt for scientific judgments of
making better understanding for effects of ketamine on developing brain, which may help to reduce adverse
effects.
Thirty pregnant mice were divided into two groups named experimental and control groups (15 mice for each
groups). The experimental group animals were injected intraperitoneally with 50 mg/kg ketamine, the control
group animals were injected with intraperitoneal distilled water. Paraffin sections of newborn mice frontal and
parietal cortices were stained immunohistochmically with anti-APP antibodies.
The immunohistochemical labeling in the experimental group showed scattered clumps of brown staining
distributed randomly in the cerebral cortex. The brown stained deposits vary also in shape and size, the larger
and more intense staining was seen in the more superficial layers of the frontal cortex. The statistical analysis
found non-significant differences in staining pattern between frontal and parietal cortices of control group,
while significant differences were found between frontal and parietal cortices in experimental group.
The immunohistochemical APP reactivity showed different intensities and different morphology in the frontal
and parietal cortices in the all experimental group animals were that injected with ketamine in this study.
These differences could be related to the requirement of this substance in repair and differentiation of the
developing NMDA dependent interneuron impaired by prenatal ketamine exposure.
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Introduction
etamine is an N-methyl-D-aspartate
(NMDA) receptor blocker (1), it is
commonly used for induction and
maintenance of anesthesia (2) chiefly in the
developing world (3). The NMDA receptors are
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present in high concentration in the cerebral
cortex and play an essential role in learning and
memory, and there is an evidence suggesting
that any changes in NMDA receptor function
have an impact on learning and memory
abilities (4).
The trial studies in animals have shown that
exposure of the anesthetic agents during
developmental periods can lead to neuronal
apoptosis or neurodegeneration (5).
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The laboratory models intend anesthetic
interactions
with
neurodegenerative
mechanisms, such as those linked to the onset
and progression of Alzheimer’s disease (AD) (5).
The theories of neurodegeneration in AD
mainly focus on the toxic effects of aggregated
amyloid β (Aβ) peptide oligomers that result
from intramembranous proteolysis of the
transmembrane protein amyloid precursor
protein (APP) (6).
There are Several lines of evidence indicate
that Aβ may have a role in controlling synaptic
activity (7).
This study aimed to investigate the
immunohistochemical beta APP expression in
newborn mice frontal and parietal cerebral
cortices after prenatal exposure to therapeutic
doses of ketamine as an attempt for scientific
judgments of making better understanding for
effects of ketamine on developing brain which
may help to reduce adverse effects.
Methods
The animals used in this study were obtained
from Laboratory Animal House at College of
Medicine, Al-Nahrain University. A total of (30)
pregnant adult female mice (mus musculus)
aged (8-12) weeks were used in this study.
Weight of the animals was between (20- 40
gm).
Checks the mouse estrous cycle. The mating
occurs after putting two females per one male
in one cage.
After mating, pregnancy was confirmed the
following morning by finding vaginal plugs and
this was considered as day 0 of gestation (8).
All animals were treated according to National
Institute of Health (NIH) Guidelines for the Care
and Use of laboratory animals (8).
The 30 pregnant mice were divided into two
groups; I namely experimental group and ІI
namely control group (15 Mice for each group).
The pregnant mice of experimental group were
injected intraperitoneally with a single shot of
50 mg/kg ketamine hydrochloride (9) on the 5th,
10th, 15th, and 20th days of pregnancy.
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The control group mice were injected
intraperitoneally with distilled water on the
same gestational days.
Each female mouse delivered (6-10) neonates;
after delivery neonates were selected
randomly.
The one-day old neonate was decapitated after
delivery and removed the skin of head, but the
skull shield was not removed.
The newborn brain was fixed in 10% formalin,
the fixed tissues were then submitted for
routine paraffin embedding process including
dehydration,
clearing,
infiltration,
and
(10)
embedding . Sections of 5 μm thickness of
cerebral tissue were taken and properly laid
down on the surface of hot water (40 °C). The
sections were then collected on clean strong
positive slides (AFCO). From each paraffin
tissue block. Each slide was contained 4
sections
and
was
taken
for
immunohistochemical staining.
The immunohistochemical staining kits,
provided by Abcam®, contained rabbit
polyclonal antibody to Amyloid Precursor
Protein clone (ab15272) and Rabbit specific
DAB, (ab64261) detection kit from Abcam®.
The sections were examined under light
microscopy (Genex, USA) to localize and
determine
the
pattern
of
immunohistochemical expression of AntiAmyloid Precursor Protein and then images
were captured by camera (5 mega pixels,
Genex, USA) equipped with in the genex light
microscope.
Statistical Package for the Social Sciences
(SPSS) version 22 company by (IBM) was a
software used for statistical evaluation and in
dependent (t) test was used for analysis of
mean values of strong positive Pixel Count
Algorithm obtained by the application Aperio
Image Scope software on Amyloid Precursor
Protein immunohistochemical reactivity in the
frontal and parietal cortices of neonates' mice
in both experimental and control groups.
Results
The
immunohistochemical
labeling
in
experimental group showed scattered clumps
of brown staining distributed randomly in the
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cerebral cortex, these clumps were localized in
the extracellular matrix and having different
intensities. The brown depositions varied also
in size in superficial layer, however; larger and

more
intense
accumulations
of
the
immunohistochemical reactivity were seen in
the more superficial layers of the frontal cortex
(Figure 1).

Figure 1. Sagittal paraffin section. Frontal cortex of the neonate mouse of the experimental
group. The low magnification immunohistochemical labeling showed scattered clumps of brown
staining distributed randomly in the frontal cortex, these brown staining was localized in the
extracellular matrix and having different intensities and more intense accumulations of the
immunohistochemical reactivity was seen in the superficial layers of the frontal cortex.
Immunohistochemical Anti-APP staining (X200)
APP immunohistochemical reaction in the
frontal and parietal cortices of newborn mice
in control group
The evaluation of the counted mean values in
the frontal cortex of neonate mice of control
groups revealed statistically non-significant
difference compared to parietal cortex of the
same group (Figures 2 and 3).
The mean value of the number of strongly
positive pixels was (1.6818±7.88) in frontal

cortices; the mean value in parietal cortices of
control group was (0.7273±3.19).
The mean value comparison between frontal
and parietal cortices in the control group
showed statistically non-significant difference
and p values of the mean counted pixels was ≥
0.602 of the mean counted pixels (Table 1).
Both these cortices showed very weak
immunohistochemical reactivity.
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A

B

Figure 2. (A) APP reactivity in frontal cerebral cortex of neonate mice from control group. The
APP negative stain is seen in all layer of cerebral frontal cortex. X 200 (B) The snap shoot as
analyzed by Aperio positive pixel count algorithm

A

The APP immunohistochemical reaction in the
frontal and parietal cortices of newborn mice
in experimental group
The mean of strong positive pixel in the frontal
cortex was higher than the mean of parietal
cortex experimental in groups (Figure 4).
The estimation of mean values of staining
intensity for the Amyloid precursor protein
194

B

immunohistochemical reaction in the frontal
and parietal cerebral cortices of the neonate
mice of experimental group showed that the
mean value from the neonate frontal cortices is
9734.05±1074.82, and the mean value of
parietal cortices is 948.82±1168.22 (Figures 5, 6
and 7).
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The mean of the strong positive pixel obtained
from the frontal cortices showed statistically
significant difference from those of the parietal

cortices experimental groups (P ≤ 0.000) (Table
1).

Table 1. The mean strong positive pixel obtained by the Aperio Image Scope analysis of frontal
and parietal cerebral cortices sections of newborn mice
Group
Frontal and parietal cortices
of control group
Frontal and parietal cortices
of experimental group
Frontal cortices of
experimental and control
groups
Parietal cortices of
experimental and control
groups

Frontal cortex
Parietal cortex
Frontal cortex
Parietal cortex
Frontal cortex of
experimental group
Frontal cortex of
control group
Parietal cortex of
experimental group
Parietal cortex
control group

Mean±SD
1.69±7.89
0.73±3.2
9734.05±1074.82
948.82±1168.22
9734.05±1074.82
1.682±7.89
948.82±1168.22
0.73± 3.2

P value
0.602
*(not-significant)
0.000
* (significant)
0.000
* (significant)

0.000
* (significant)

Figure 4. The values of APP immunohistochemical marker reactivity obtained from frontal and
parietal cortical section in newborn mice of the experimental groups
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A

B

Figure 5. (A) sagittal section APP in immunohistochemical reactivity in frontal cerebral cortex of
neonate mice from experimental group. APP positive stain is seen in all layer of cerebral frontal
cortex. X 200 (B) The snap shoot as analyzed by Aperio Positive Pixel Count Algorithm

A

B

Figure 6. (A) sagittal section APP in immunohistochemical reactivity in frontal cerebral cortex of
neonate mice from experimental group. APP positive stain is seen in all layer of cerebral frontal
cortex. X 200 (B) The snap shoot as analyzed by Aperio Positive Pixel Count Algorithm
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Statistical
evaluations
of
APP
immunohistochemical
reaction
between
frontal cortices of experimental group and
control group
The statistical analysis of the values of the
strongly positive pixels obtained from
evaluation of APP immunohistochemical
expression of on neonate mice frontal cortices
of experimental and control group showed that
the mean of strong positive pixels in frontal
cortices
of
experimental
group
is
9734.05±1074.82 and mean of strong positive
pixels in control group is 1.69±7.89. This
difference was statistically significant (P ≤
0.000) (Table 1).

A

Statistical evaluations of APP immunohistochemical reaction between parietal
cortices of experimental group and control
group
The mean values of strong positive pixel of
parietal cortices of experimental group were
the highest mean value when compared to
parietal cortices of control groups. The mean
number of the strongly positive pixels of
immunohistochemical reaction of parietal
cortex of mice that was injected with ketamine
is 948.82±1168.22, while the mean of strong
positive pixel of parietal cortex of mice inject
with distal water is 0.73±3.2.
The differences between the treated and
control group were statistically significant (p ≤
0.000) (Table 1).

B

Figure 7. (A) sagittal section APP in immunohistochemical reactivity in parietal cerebral cortex of
neonate mice from experimental group. APP positive stain is seen in all layer of cerebral frontal
cortex. X 200 (B) The snap shoot as analyzed by Aperio Positive Pixel Count Algorithm
Discussion
The adverse effects of ketamine had been
investigated extensively in many researches.
Different aspects were considered in regard to
neonatal and prenatal consequences of
ketamine on the developing brain. Variables
appraisals were done that demonstrated
changes as neuronal apoptosis, synaptic

transmission and plasticity, and deficits in
learning-related behaviors (11).
The immunohistochemical APP reactivity
showed different intensities in the frontal
cortex of the animals involved in this study that
were prominently noticeable compared to the
parietal cortex. This conclusion has been
confirmed by the statistical evaluations of the
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mean values of strongly positive pixels
algorithm found in this study.
This result simulates the histological changes
occurring in the cerebral cortex of rat affected
by prenatal ketamine exposure, massive
histological changes seen in frontal cortex
compared to parietal cortex (12,13). Also, the
regional variability of APP accumulation found
in this study was highly significant in the frontal
cortex, which indicates more susceptibility of
frontal cortex to ketamine's compared to
parietal cortex. The possible explanation of this
agreement is the frequent exposure to
ketamine though out pregnancy as a common
contributing factor to frontal cortical pathology
in this study and that was done during the
other experimental procedures (13).
The cortical lamina variability of APP
accumulation after prenatal exposure to
ketamine in this study was not seen in
experimental
researches
considering
neuroapoptotic consequences of prenatal
ketamine exposure. It was reported in previous
literatures that Ketamine have more prominent
damaging effects on the fetal than neonatal
brain. This speculation was implicated in both
clinical anesthesia and drug abuse precautions
(13)
. This assumption could also be adopted
according to the results of our study as the
cortex of fetuses was massively affected by
ketamine exposure of pregnant mice. Further
researches could be done in future to compare
the significance of ketamine exposure of
neonate but with fetus.
The accumulation of APP in this study was
more marked in the superficial lamina at the
frontal cortex. The APP is an integral
membrane protein concentrated in the
synapses of neurons. It had been implicated as
a regulator of synapse formation, the mostsubstantiated role for APP is in synaptic
formation and repair (14). The study of
Brambrink et al. (2012) (13) reported that none
of the ketamine-exposed neonate brains
showed a laminar pattern of cell death in any
specific layers of the cortices. However, the
laminar-specificity
of
ketamine-induced
changes in the frontal cortex was reported by
Jeevakumar et al. (2014) (15) when ketamine
was administered during the first 2 postnatal
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weeks, these changes were attributed to the
effect of ketamine on the maturation of NMDA
dependent of interneurons (16). The distribution
of these interneurons across layers of the
rodent cortex was found to be highest in layer
5 (17), thus layer 5 does not show significant
functional impairment by NMDA dependent of
interneurons cellular loss caused Ketamine
exposure compared to the superficial layers
2/3 (15). This interpretation is supported by the
reports of previous studies that systemic
injection of the NMDA receptor antagonists
significantly increased the drug adverse
outcome (including apoptosis) in rodent pups
(18)
.
APP expression was suggested to be
upregulated during neuronal differentiation
and after neuronal injury (19). The more AAP in
superficial lamina explored in this study could
be related to the requirement of this substance
in repair and differentiation of the developing
NMDA dependent interneuron in the
superficial lamina that were impaired by
prenatal ketamine exposure. The synapses
formation associated with the increased
dendritic branching in the frontal cortex
affected by ketamine may be regulated by
accumulations of AAP in the frontal cortex. The
impaired maturation of these interneurons in
the deeper lamina of the frontal cortex in mice
does not have functional consequences due to
higher percentage of these neurons in the deep
lamina that balances the deficit in
differentiation of these interneurons caused by
prenatal ketamine exposure. This speculation
supported the conclusions reported by
Jeevakumar et al. (2014) (15).
The APP immunohistochemical accumulation in
mice cerebral cortex after prenatal exposure to
ketamine represented a developmental
requirement of cortical tissue during
development needed to provide the necessary
adaptive functional maturation. These
developmental
requirements
for
APP
aggregation could involve functional demands
including synaptogenesis and neuronal
network formation (20), neurite growth,
neuronal adhesion and axonogenesis (21).
APP proteolysis generates beta amyloid (Aβ),
which is the primary component of amyloid
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plaques found in the brains of Alzheimer's
disease patients (22). The possibility of
pathological sequel of the accumulated APP in
the cerebral cortex after prenatal ketamine
exposure in post-pubertal life could not be
excluded.
This
study
concluded
that
the
immunohistochemical APP reactivity showed
different intensities and different morphology
in the frontal and parietal cortices of the
animals involved in this study that was
prominently noticeable compared to the
parietal cortex, these differences could be
related to the requirement of this substance in
repair and differentiation of the developing
NMDA dependent interneuron impaired by
prenatal ketamine exposure.
The impaired maturation of these interneurons
in the deeper lamina of the frontal cortex in
mice does not have functional consequences
due to higher percentage of these neurons in
the deep lamina that balances the deficit in
differentiation of these interneurons caused by
prenatal ketamine exposure.
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